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(54) Reducing delays in a multiplex comnnunication system 

(57) A multiplex communication system, for example in a vehicle, has a plurality of node devices 1 to 1 1 
connected via a bus line 21 to at least one of a plurality of end node devices to be controlled 12 to 15. As the 
number of nodes increases, the delays involved in transmitting data along the bus can become unacceptably 
long. Therefore, the data is divided into a plurality of categories according to the necessity of transmission. For 
example, engine management data that needs to be transmitted more urgently than door mirror control data 
has a higher necessity of transmission. The more urgent data is transmitted once every multiplex transmission 
cycle, while the less urgent data is transmitted once every few transmission cycles, according to the necessity of 
transmission. This reduces the delays. Alternatively, the transmitting and receiving nodes can be identified 
without having to append address data to the message data. One of node devices serving as the master node 
device M sets the transmission cycle of message data transmitted onto the bus line 21 as a cycle of a start pulse 
that is sent to the bus line 21. This cycle has been set so as not to cause a time lag in data processing executed 
by the respective node devices. Each time interval between the start pulses is divided into a plurality of time 
slots. The time slots have been allocated to the individual node devices so that message data can be transmitted 
from the respective devices in the associated time slots without the need for address data, thereby reducing 
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2295070 

MULTIPLEX COMMUNICATION SYSTEM 



The present invention relates to a multiplex 
communication system and, more particularly, to a multiplex 
communication system which is constructed to transmit 
operational data from a plurality of control units to at 
least one of a plurality of end devices to be controlled at 
different transmission frequencies in accordance with the 

degree of urgency. 

The invention further relates to a multiplex 
communication system and, more particularly, to a multiplex 
communication system which is adequate to efficiently 
transmit and receive data formed of a plurality of bits 
among a plurality of transmitting and receiving devices, and 
which is thus suitable for collecting information indicating 
states of vehicle- loaded equipment and for controlling the 
driving of the equipment. 

Generally, a typical communication system loaded in a 
vehicle is widely employed to transmit and receive data that 
is used for collecting information representing states of 
vehicle-loaded equipment, for controlling the driving of the 
equipment and for other purposes. The communication system 
of this type comprises a single bus line, a plurality of 
control units, i.e., node stations, connected to the bus 
line, and actuators attached to the respective node 
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stations. Message data transmitted and received among the 
respective node stations includes data for controlling the 
actuators and address data indicating the sender and the 
receiver of the message, and is transmitted cyclically onto 
the bus line. 

Along with the stibstantial increase in the nximber of 
electrical equipment loaded in a vehicle, the amount of 
signal data passing through a bus line forming a 
communication system is also increasing. Message data in 
the system according to the technique discussed above is 
cyclically transmitted. For exaii?>le, every time a 
transmission cycle is started, all the items of operational 
data, i.e., data 1, data 2, data 3, data 4 and data 5 which 
are output from first to fifth vehicle-loaded control units, 
respectively, are sequentially transmitted to the bus line. 

The communication system of the above type presents the 
following problems. A larger number of control units for 
transmitting the operational data results in an increase in 
the number of items of operational data to be transmitted 
during one transmission cycle. Accordingly, the time 
interval between the transmission of the same item of data 
(for example, data 1) becomes longer, which delays the 
timing of transmitting the latest operational data (for 
example, data 1) . 

Additionally, each message data contains address data, 
which disadvantageously increases the amount of data 
transmitted to the bus line, thereby causing a greater time 
lag in the data processing of the entire communication 
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system. 

Accordingly, various troxibles may be caused due to such 
a delay in data processing in the above-described vehicle- 
loaded communication system. In particular , a delay in the 
data processing relative to the actuators, for example, a 
diagnostic system for the engine, such as a throttle sensor, 
which is required to be operated very quickly in response to 
data, is very critical- In other words, among the vehicle- 
loaded control units, some devices generate operational 
signals (data) which need to be transmitted urgently, such 
as a collision detecting section that generates air bag 
signals, a door lock/unlock detecting section that generates 
door lock/unlock signals, etc., while other xinits produce 
operational signals (data) which do not need to be 
transmitted urgently, such as a window opening/closing 
section that generates window opening/closing instruction 
signals^ a mirror actuating section that produces remote 
control mirror driving signals. A time lag in the 
transmission timing of the former type of signals (data) 
that need to be transmitted urgently jeopardizes the safety 
for the driver and passengers . It is thus very important to 
solve this problem. 



Accordingly, in order to solve the problems inherent in 
the technique discussed above, a first object of the present 
invention is to provide a multiplex communication system in 
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which operational data can be transmitted at different 
frequencies according to the degree of necessity of 
trajismitting the data to a bus line. 

A second object of the present invention is to provide 
a multiplex communication system in which the transmitting 
and receiving node devices can be identified without having 
to append address data to the transmitting message data, and 
a large sunount of data can be transmitted without 
interfering with each other^ thereby avoiding a time lag in 
the processing of controlling vehicle— loaded equipment or 
the like. 

In order to achieve the above first object ^ according 
to a first aspect of the present invention, there is 
provided a multiplex commxinication system in which a 
plurality of items of operational data are transmitted in 
every transmission cycle, in a time division multiplexing 
manner, via a bus line from a plurality of control devices 
to at least one of a plurality of end devices to be 
controlled/ the improvement comprising that the items of 
operational data are divided into a plurality of degrees 
according to the necessity of transmission, wherein the 
operational data falling into the greatest degree of 
transmission necessity is transmitted once in every 
transmission cycle, while the operational data falling into 
the smaller degree of transmission necessity is transmitted 
once in every few transmission cycles according to the 
degree of the transmission necessity. 

In order to achieve the second object of the present 
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invention^ according to the second aspect of the present 
invent ion r there is provided a multiplex communication 
system in which a plurality of node devices are connected to 
a bus line so as to cyclically transmit and receive message 
data with each other and to execute processing of the 
received data^ wherein the improvement con^rises that one of 
the node devices functions as a master node device so as to 
determine a transmission cycle of the message data from all 
the node devices and to take the initiative in determining a 
transmission timing within the transmission cycle at which 
each of the node devices ^ including its own device, 
transmits the message data onto the bus line, the 
transmission timing being associated with each of the node 
devices, so that each of the devices sends the message data 
to be addressed to another device onto the bus line at the 
transmission timing determined by the master node device. 

A time slot provided at the transmission timing 
associated with each of the node devices may be divided into 
a plurality of sub-time slots, and the sub-time slots may be 
arranged to correspond to the individual node devices to 
receive the message data transmitted from one of the node 
devices. 

According to the foregoing construction of thie first 
aspect of the present invention, a plurality of items of 
operational data to be transmitted to the bus line from a 
plurality of control units, respectively, are divided into a 
plurality of degrees which have been determined according to 
the transmission necessity (urgency) • The operational data 
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falling into the greatest degree of transmission necessity 
is positively transmitted once in every transmission cycle. 
On the other handr the data falling into the smaller degrees 
of transmission necessity is tramsmitted once in every few 
cycles according to the degree of urgency - 

With this arrangement, signals (data) having the 
greater necessity (urgency) of transmission, such as an air 
bag signal and door lock/unlock signals that are 
respectively output from a collision detecting section and a 
door lock/unlock detecting section among a plurality of 
vehicle-loaded control units, are positively transmitted 
once in every cycle • This arrangement inhibits a time lag 
in transmitting signals having the greater degree of 
transmission necessity, which further ensures safety for the 
driver and passengers. 

Additionally, signals (data) having the smaller degree 
of necessity (urgency) of transmission, such as a window 
opening/closing instruction signal and a remote control 
mirror driving signal that are respectively output from a 
window opening/closing section and a mirror actuating 
section among a plurality of vehicle- loaded control units, 
are transmitted only once in every few cycles according to 
the degree of urgency. This arrangement makes it possible 
to reliably operate each end device to accomplish a required 
function based on the operational signal (data) without 
interfering with the transmission timing of signals having 
the greater degree of urgency. 

Further, according to the second aspect of the present 
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invention, the timing at which each node device transmits 
message data has been determined. Also, the individual sub- 
time slots obtained by dividing the time slot that is 
arranged at the above-described predetermined timing are 
allocated to the individual node devices to receive the 
message data. With this arrangement/ each node device is 
able to transmit message data to a desired end device 
without having to append the sender and receiver information 
to the transmitting data merely by carrying the data onto 
the sub— time slot provided for the associated end node 
device within the time slot allocated to its own device. 

Through use of this multiplex communication system, it 
is thus possible to perform faster transmission of message 
data without a time loss, which further shortens a 
transmission cycle of message data from the respective node 
devices - By the application of this system to vehicle- 
loaded equipment or the like, it is possible to prevent a 
tJLme lag in the processing of controlling the equipment. 



Fig, 1 is a circuit diagram illustrating the 
construction of a multiplex communication system according 
to a first embodiment of the present invention; 

Fig. 2 illustrates the operation of the system shown in 
Fig. 1 in which data is transmitted via a bus line in a time 
division multiplexing manner; 

Fig. 3 is a block diagram illustrating an example of 
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the construction of a nrultiplex communication system 
according to a second embodiment of the present inventions- 
Fig. 4 illustrates the construction of message data 
transmitted to the bus line in the system shown in Fig, 3; 
and 

Fig. 5 is a flow chart illustrating the operation of 
the second embodiment . 

npcirRTP TTOKT OF TWF PREFET^T^KD EMBODIMENTS 

A detailed description will now be given of a first 
embodiment of a multiplex communication system according to 
the present invention. 

Fig, 1 is a circuit diagram illustrating the 
construction of a first embodiment of a multiplex 
communication system according to the present invention. 
More specif icallyr Fig. 1 illustrates an example of a 
multiplex communication system loaded in a vehicle. Fig. 2 
illustrates one example of the operation of the multiplex 
communication system shown in Fig. 1 in which operational 
data is transmitted in a time division multiplexing manner 
via a bus line. 

Referring to Fig. 1^ first to eleventh control units 1 
to 11 are loaded in the common vehicle^ and first to fourth 
end devices to be controlled 12 to 15 are also loaded in the 
same vehicle. The first to eleventh control units 1 to 11 
respectively include at least operational switches Is to 
lis, and motors Im to 11m which are interlocked with the 
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switches Is to lis. The first to fourth end devices 12 to 
15 respectively include at least motors 12m to 15ia. A first 
changeover switch 16 has a single circuit with a plurality 
of contacts whose plurality of fixed contacts are 
respectively connected to the output terminal of the first 
control unit 1, the output terminal of the second control 
xinit 2, and the respective movable contacts of second and 
third changeover switches 17 and 18 each having a single 
circuit with a plurality of contacts • The movable contact 
of the first changeover switch 16 is connected to a bus line 
21. A plurality of fixed contacts of the second changeover 
switch 17 are respectively connected to the output terminals 
of the third, fourth and fifth control units 3^ 4 and 5. A 
plurality of fixed contacts of the third changeover switch 
18 are respectively connected to the output terminals of the 
sixth, seventh and eighth control units 6, 1 and 8. A 
plurality of fixed contacts of a fourth changeover switch 19 
are respectively connected to the output terminals of the 
ninth, tenth and eleventh control units 9, 10 and 11. A 
fifth changeover switch 20 also has a single circuit with a 
plurality of contacts whose fixed contacts are respectively 
connected to the input terminals of the first to fourth end 
devices 12 to 15, The movable contact of the fifth 
changeover switch 20 is connected to the bus line 21. An 
overall control apparatus 22, which is coupled to a storage 
unit 23, is connected at its output terminal to the first to 
fifth changeover switches 16 to 20 so that it can exert 
control over the switching of the contacts of the first to 
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fifth switches 16 to 20. 

The operation of the system of this embodiment 
constructed as described above will now be explained with 

reference to Fig. 2. 

When the Jcey is inserted to the vehicle , the control 
apparatus 22 starts the control operation. At the start of 
the operation^ the apparatus 22 reads a program which has 
been stored in the storage unit 23 and permits a built-in 
buffer memory, or the like, to store information 
representing the degrees of necessity of transmitting the 
respective items of operational data, that is, the degrees 
of urgency of transmitting the data. The information read 
by the control apparatus 22 determines the switching states 
of the contacts of the first to fifth switches 16 to 20 and 
the timing of switching the contacts of the switches 16 to 
20. Subsequently, when a first transmission cycle of a 
plurality of items of operational data is started, the 
control apparatus 22 causes the contact of the first switch 
16 to be sequentially switched from one end to the other end 
of the fixed contacts at required switching timings. In 
synchronization with switching the contacts of the first 
switch 16, the control apparatus 22 also causes the contacts 
of the second to fourth changeover switches 17 to 19 to be 
switched according to the content of the above-described 
information . 

An explanation will now be given with reference to Fig- 
2 of one example of the switching operation of the 
respective contacts of the first to fourth switches 16 to 
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19 ♦ The movable contact of the first switch 16 is initially 
switched and connected to a first fixed contact 16i for a 

given period t so that operational data Id can be 
transmitted to the bus line 21 from the first control unit 
1. Then^ the movable contact of the first switch 16 is 
switched and connected to the second fixed contact I62 for a 

given period t so that operational data 2d can be 
transmitted to the bus line 21 from the second control unit 
2. 

Thereafter, the movable contact of the first switch 16 
is switched and connected to the third fixed contact I63 for 

a given period 2t, which is twice as long as the above- 
described period t • This is because of the following 
reason. During the switching and connecting operation of 
the movable contact of the first switch 16 to the fixed 
contact I63, the movable contact of the second switch 17 is 

sequentially switched and connected to the first and second 
fixed contacts 17i and 172/ each for the given period t. 

Simultaneously with this switching and connecting operation, 
two items of operational data 3d and 4d are sequentially 
transmitted to the bus line 21 from the third and fourth 
control units 3 and 4, respectively. 

Then, the movable contact of the first switch 16 is 
switched and connected to the fourth fixed contact I64, 

during which time the movable contact of the third switch 18 
is sequentially switched and connected to the first and 
second fixed contacts i8i and I82/ each for the given period 
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, in a ^er si-ilar to the connection of the movable 
clntact of the first switch 16 to the third fixed contact 
16,. Because of this switching and connectin, operation, 
„o items of operational data 6d and 7d are sequentially 
transmitted to the bus line 21 from the control units 6 and 
7, respectively. Finally, the movable contact of the first 
switch 16 is changed and connected to the fifth fixed 
contact 16s, during which time the movable contact of the 
fourth switch 19 is sequentially changed and connected to 
the first and second fixed contacts 19^ and 19„ each for a 
given period t. Because of this switching and connecting 
operation, two items of operational data 9d and lOd are 
transmitted to the bus line 21 from the control units 9 and 

10, respectively. 

AS a consequence of these switching and connecting 
operations, the operational data Id to 4d, 6d and 7d, and 9d 
and lOd are transmitted in the ti«>e division multiplexing 
^nner to the hus line 21 from the first to the fourth, the 
sixth and seventh, and the ninth and tenth control units, 
respectively (the con^ination of these items of operational 
data shall be referred to as a first combination of 

operational data) . 

in this first transmission cycle, if the operation 

the fourth, the sixth and the seventh, and the ninth and the 
tenth control units 1 to 4, 6 and 7, and 9 and 10, 
respectively, are not actuated at all in the transmission 
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timings allocated to the above-described control units, tbe 
respective items of operational data Id to 4dr 6d and 16., 
and 9d and lOd transmitted from the control units indicate 
zeror i.e.r the data items do not contain any information. 
On the other handr if any of the switches Is to As, 6s and 
7sr and 9s and 10s is actuated, the operational data among 
the data items of Id to 6d and 7d, and 9d and lOd 

transmitted from the associated control unit(s) whose 
switch (es) are actuated indicates that the data item 
contains information. 

Upon completion of the first transmission cycle, after 
a lapse of a given transmission interval, a subsequent 
(second) transmission cycle is started to once again 
transmit a plurality of items of operational data in a time 
division multiplexing manner. In the second transmission 
cycle, the respective items of operational data Id and 2d 
are positively transmitted to the bus line 21 from the first 
and second control units 1 and 2, respectively, by the 
switching and connecting operation of the contacts of the 
first to fourth switches 16 to 19 under the control of the 
control apparatus 22. In contrast, the items of operational 
data 3d, 4d, 6d, 7d, 9d and lOd from the third, fourth, 
sixth, seventh, ninth and tenth control units, 3, 4, 6, 7, 9 
and 10, respectively, are not transmitted. Instead, the 
items of operational data 5d, 8d and lid from the fifth, 
eighth and eleventh control units 5, 8 and 11, respectively, 
which have not been transmitted during the first 
transmission cycle, are transmitted to the bus line 21. As 
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a consequence, during the second transmission cycle, the 
items of operational data Id, 2d, 5d, 8d and lid are 
transmitted to the bus line 21 from the first, second, 
fifthr eighth and eleventh control units 1, 2, 5, 8 and 11, 
respectively, in a time division multiplexing manner (the 
combination of these items of operational data shall be 
referred to as a second combination of operational data) . 

Upon completion of the second transmission cycle^ after 
a lapse of a given transmission interval, a third 
transmission cycle is initiated. In the third transmission 
cycle, the first combination of operational data obtained 
during the first transmission cycle is once again 
transmitted in a time division multiplexing manner. In a 
sxibseqruent fourth transmission cycle, the second combination 
of operational data obtained during the second transmission 
cycle is once again transmitted in a time division 
multiplexing manner. The same applies to after the fourth 
transmission cycle. Every time an updated transmission 
cycle is started after a lapse of a given transmission 
interval, the first and second combinations of operational 
data are alternately transmitted to the bus line 21 in a 
time division multiplexing manner. 

Every time a transmission cycle is started, the control 
apparatus 22 causes the movable contact of the fifth switch 
20 to be switched in a required order. Due to this 
switching operation, every time operational data is 
transmitted to the bus line 21, an associated end device to 
receive the transmitted data is selected by switching the 
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movable contact of the fifth switch 20. For example, if the 
operational data Id is addressed to the first end device 12, 
and the operational data 2d is addressed to the second end 
device 13, the movable contact of the fifth switch 20 should 
be switched to the first fixed contact 20i connected to the 
end device 12 and to the second fixed contact 2O2 connected 
to the second end device 13 in accordance with the 
transmission timing of the data Id and 2d to the bus line 
21. The same applies to the other items of operational 
data. Namely, in accordance with the transmission timing of 
the data to the bus line 21, the movable contact of the 
fifth switch 20 should be changed so that an associated end 
device (s) to receive the transmitted data can be selected. 
The motor provided with the associated end device then 
suitably acts upon the content of the data so that a 
required operation can be performed in the end device 
supplied with the transmitted data. 

In this embodiment, the operational data having a 
greater degree of urgency corresponds to air bag signals 
that are output from a collision detecting section, door 
lock/unlock signals that are output from a door lock/unlock 
detecting section, and so on. On the other hand, the data 
having a smaller degree of urgency corresponds to window 
opening/closing instruction signals that are output from a 
window opening/closing section, remote control mirror 
driving signals that are output from a mirror actuating 
section, and so on. 
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In this embodiment, each of the movable contacts of the 
second to fourth switches 17 to 19 is sequentially switched 
and connected to the associated two fixed contacts while the 
first switch 16 is switched and connected to each of the 
third to fifth fixed contacts I63 to I65. However, each of 
the movable contacts of the second to fourth switches 17 to 
19 may be switched and connected to only one of the fixed 
contacts while the first switch 16 is switched and connected 
to each of the third to fifth fixed contacts I63 to I65. 
Alternatively, each of the movable contacts of these 
switches may be switched and connected to three fixed 
contacts or more. 

Further, this embodiment has been explained in which 
the two items of operational data Id and 2d are positively 
transmitted from the first and second control units 1 and 2, 
respectively, in every transmission cycle, while the 
operational data items 3d, 4d, 6d,' 7d, 9d and lOd from the 
control units 3, 4, 6, 7, 9 and 10, respectively, and the 
data items 5d, 8d and lid from the control units 5, 8 and 
11, respectively, are alternately transmitted in every other 
cycle. However, this arrangement is not essential. That 
is, the data that is positively transmitted in every 
transmission cycle is not restricted to Id and 2d, and 
instead, the data front the other control units may be 
selected as long as it is required to be transmitted very 
urgently. Also, the number of items of data to be 
transmitted is not limited to two, and instead, three or 
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more items of data may be selected. 

Moreover, in the eUbove-described embodiment/ the 
respective items of operational data Id to lid are divided 
into two degrees depending on the transmitting urgency, 
i^e.r one degree formed of the data items Id cuid 2d that are 
positively transmitted once in every transmission cycle , and 
the other degree formed of the other data items 3d to lid 
that are alternately transmitted in every other cycle. 
However, the degrees of necessity (urgency) of transmitting 
the data are not limited to two, but may be three or more as 
required. A plurality of degrees of transmitting urgency 
may be accomplished by the following modification. A 
plurality of changeover switches each having a single 
circuit with a plurality of contacts are used and suitably 
switched to a plurality of control units. At the same time, 
the switching periods of the change-over switches, each 
having a single circuit with a plurality of contacts, are 
selected by the control apparatus 22. With this 
modification, the following three types of operational data 
can be generated: the data transmitted in every transmission 
cycle; the data transmitted in every other cycle; and the 
data transmitted in every two or three cycles. 

As will be clearly understood from the foregoing 
description, the first embodiment offers the following 
advantages • 

A plurality of items of operational data Id to lid 
transmitted to the bus line 21 from a plurality of control 
units 1 to 11, respectively, are divided into a plurality of 
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degrees which have been determined according to the 
necessity of transmission. The operational data falling 
into the greater degree of transmission necessity is 
positively transmitted once in every transmission cycle. On 
the other hand, the data falling into the smaller degree of 
transmission necessity is transmitted once in every few 
cycles according to the degree of necessity. As described 
above^ signals having the greater necessity (urgency) of 
trzLnsmission, such as air bag signals and door lock/unlocJc 
signals that are respectively output from the collision 
detecting section and the door lock/unlock detecting section 
among the vehicle-loaded control units 1 to 11 , are 
positively transmitted once in every cycle. This 
arrangement inhibits a time lag in transmitting signals 
having the greater degree of necessity (urgency) / which 
further ensures safety for the driver and passengers . 

Additionally/ as described above, signals (data) having 
the smaller degree of transmitting necessity (urgency) , such 
as window opening/closing instruction signals and remote 
control mirror driving signals that are respectively output 
from the window opening/closing section and the mirror 
actuating section among the control units 1 to 11, are 
transmitted only once in every few cycles according to the 
degree of urgency. This arrangement makes it possible to 
reliably operate a desired end device to accomplish a 
required function based on the operational signal (data) 
without interfering with the transmission timing of signals 
having the greater degree of urgency. 
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The multiplex communication system loaded in a vehicle 
has been discussed in this embodiment by way of example. 
However, this system is not only applicable to a vehicle, 
but also to other uses as long as the system is adequate to 
generate a plurality of items of data that can be distinctly 
differentiated into the degrees of transmission urgency and 
also to transmit them in a time division multiplexing 
loanner • 

A second embodiment of a multiplex communication system 
according to the present invention will now be explained in 
detail with reference to Figs. 3 to 5, 

Fig. 3 is a block diagram illustrating the construction 
of a multiplex communication system according to the second 
embodiment. Fig. 4 illustrates the construction of message 
data transmitted to a bus line. Fig. 5 is a flow chart 
illustrating the operation of this embodiment. Fig. 3 shows 
a bus line 21, a master node device M, slave node devices A 
and B, actuators Da to De, and switches Sa to Sh. 

More specifically, the multiplex communication system 
of the second embodiment comprises the single common bus 
line 21, the master node device M connected to the bus line 
21 so as to determine the transmission timings of all the 
items of message data in the communication system, and a 
plurality of slave node devices A and B connected to the bus 
line 21. It will now be assumed that this system is 
installed in a vehicle for controlling vehicle-loaded 
equipment and for other reasons. The master node device M 
is connected to peripheral equipment, for example, mounted 



on the driver's seat, such as switches Sa and Sb indicating 
the states of the door and the window and the state of the 
window opening/closing switch, etc., and actuators Da and 
Db, such as a door lock motor, a power window motor, etc. 
With this construction, the master node device M collects 
data indicating the state of the switches Sa and Sb and 
transmits it to the bus line 21 as required so as to exert 
control over the actuators Da and Db. On the other hand, 
the slave node devices A and B are connected to peripheral 
equipment, for example, mounted on the passenger's front 
seat and on the rear seats so that they can collect and 
transmit data so as to exert control over the respective 
actuators, in a manner similar to the master node device M. 

Each of the master node device M and the slave node 
devices A and B is provided with a CPU. The master node 
device M takes the initiative in determining the 
transmission timing and cycle of the message data onto the 
bus line 21. More specifically, the node device M exerts 
control over the transmission timing and cycle by use of a 
clock timer of the CPU contained in its own device so that 
the message data can be transmitted to the bus line 21 from 
each of the master node device M and the slave node devices 
A and B at a predetermined timing and cycle. The master 
node device M transmits and receives message data with the 
salve node devices A and B in accordance with the above- 
described predetermined timing and cycle so that it can 
exert control over required actuators. 

The transmission timing and cycle of the message data 



- 21 - 



transmitted to the bus line 21 are determined as indicated 
in Fig. 4. This will be explained in greater detail below. 

As shown in Fig. 4, the transmission cycle of the 
message data has been set as a start pulse transmitted to 
the bus line 21 from the master node device M. This cycle 
has been set so as not to cause a time lag in the data 
processing executed in the respective node devices. Each of 
the time intervals between start pulses is divided into a 
plurality of time slots which have been allocated to the 
individual node devices, during which slot the node devices 
transmit and receive message data with each other. 

In the example shown in Fig. 4, in a first time slot 
subsequent to the start pulse, the master node device M 
transmits message data to the other node devices. In a 
second time slot, the slave node device A transmits message 
data to the other node devices. In a third time slot, the 
slave node device B transmits message data to the other node 
devices. Similarly, subsequent time slots are arranged for 
executing data transmission among different node devices. 
For identifying the respective time slots, time intervals, 
which are different from the pulse length of the start 
pulse, each intervene between the time slots. 

Each time slot used for transmitting message data from 
each node device to the other node devices is divided into a 
plurality of s\ib-time slots which can carry data formed of 
one bit or a plurality of bits. Each time slot has been 
allotted to a predetermined node device for transmitting 
message data, as described above, and the sub-time slots 
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have also been allocated to the end node devices to receive 
such data. For example^ the leading sxib-time slot within 
the time slot allocated to the data transmission of the 
slave node device A is used to transmit message data from 
the slave node device A to the master node device A 
subsequent sub-time slot is used to transmit message data 
from the slave node device A to the slave node device B. 

As has been discussed abo^/e, in the second embodiment 
the timing and cycle for transmitting message data to the 
bus line 21 have been determined. Additionally, during the 
individual sxab-time slots within each time slot that can 
carry message data, it has been determined which node device 
can transmit data to which end device. With this 
arrangement/ each node device connected to the bus line 21 
can be notified which message data is to be addressed to its 
own device merely by monitoring the tdLme slots on the bus 
line 21 after acknowledging the receipt of a start pulse 
from the master node device M. Each node device can also be 
notified which time slot can be used to transmit message 
data from its own device. 

This arrangement enables each of the node devices r 
including the master node device M, to receive message data 
from the other node devices as required, and to control the 
actuator, etc. connected to its own device. Each node 
device is also able to transmit to a desired node device the 
state of switches indicating the status of the various types 
of equipment connected to its own device. 

The operation of the second embodiment of the present 
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invention will now be described with reference to the flow 
chart of Fig. 5. In this embodiment^ the multiplex 
communication system constructed of the roaster node device M 
and the slave node devices A and all of which are 
connected to the bus line 21, will be taken as an example • 
(1) The master node device M first transmits a start 
pulse to the bus line 21 (step 301) * 
^ (2) Subsequent to the transmission of the start pulse ^ 

the time slot allocated to the data transmission of the 
master node device M is started. The node device M thus 
transmits message data that is addressed to a desired slave 
node device by use of the associated sub-time slot {step 
302) • 

(3) Upon completion of the transmission by use of the 
time slot allocated to the master node device M, a 
subsequent time slot allocated to the data transmission of 
the slave node device A is initiated. The master node 
device M thus monitors the start of transmitting message 
data from the slave node device A (step 303), and also 
monitors a lapse of a predetermined time provided for 
transmission from the node device A (step 305) • 

(4) If there is any message data addressed to the 
master node device M from the slave node device A, the node 
device M receives it by use of the sub-time slot allocated 
to its own device (step 304) • 

(5) If the transmission of the message data from the 
slave node device A is not started after a lapse of the 
above-described transmission predetermined time (step 305) , 
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the master node device M executes transmission error 
handling in respect of the slave node device A (step 306) . 

(6) Upon completion of data trMsmission by use of the 
previous time slot, a subsequent time slot allocated to data 
transmission of the slave node device B is started. The 
master node device M monitors the start of the transmission 
of message data from the slave node device B (step 307), and 
also monitors a lapse of a predetermined transmission time 
provided for the node device B (step 309) . 

(7) If there is any message data addressed to the 
master node device M from the slave node device B, the node 
device M receives the data by use of the sub-time slot 
allotted to its own device (step 308) , 

(8) If the transmission of the message data from the 
slave node device B is not started after a lapse of the 
above-described predetermined time, the master node device M 
executes transmission error handling in respect of the slave 
node device B (step 310) . 

(9) The master node device M goes into a standby 
position until the transmission time of a subsequent start 
pulse is reached (step 311), and returns to step 301 to 
transmit the subsequent start pulse (step 311) . 

The operation of the system has been discussed in terms 
of the sequence of the master node device M. An explanation 
will now be given of the operation of the slave node device 
A in relation to the master node device M. 

(10) The slave node device A monitors the bus line 21 
in the standby position until a start pulse is transmitted 
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from the master node device M (step 321) . 

(11) Upon acknowledgement of the receipt of the start 
pulse, the time slot allocated to the data transmission of 
the master node M is started. The slave node device A thus 
receives the message data from the master node device M in 
the sub-time slot allocated to its own device (step 322). 

(12) Opon completion of the previous slot, a subsequent 
time slot allocated to the data transmission of the slave 
node device A is initiated. The node device A thus 
transmits message data that is to be addressed to the master 
node device M and the other slave node device by use of the 
respective associated s\xb-time slots (step 323) . 

(13) A sxjbsequent time slot allocated to the data 
transmission of the slave node device B is started. The 
node device A thus monitors the start of transmitting 
message data from the node device B (step 324), and also 
monitors a lapse of a predetermined transmission time 
provided for the node device B (step 32 6) . 

(14) If there is any message data addressed to the 
slave node device A from the node device B, the node device 
A receives the data in the sub-time slot allotted to its own 
device (step 325) . 

(15) If the transmission of the message data from the 
slave node device B is not started after a lapse of the 
cOsove-described predetermined transmission time, the node 
device A executes transmission error handling in respect of 
the node device B (step 327) . 

(16) Upon completion of the processing of either of 
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steps 325 or 327, the slave node device A returns to step 
321 to continue to receive data in a subsequent cycle. 

The slave node device B is operated in a manner similar 
to the node device A. An explanation will thus be given 
only of the operation in which the node device B ignores the 
message data transmitted from the node device A. 

(17) The slave node device B monitors the bus line 21 
and is stationed at the standby position until it receives a 
start pulse from the master node device M (step 331) . 

(18) Upon ac)cnowledgement of the receipt of the start 
pulse, the time slot allocated to the data transmission of 
the master node device M is started. The slave node device 
B thus receives the message data contained in the sub-time 
slot allotted to its own device (step 332) . 

(19) Upon completion of the previous slot, a subsequent 
time slot allocated to the data transmission of the slave 
node device A is started. During this time slot, the node 
device B can ignore the unnecessary data from the node 
device A (step 333), and can be stationed in the standby 
position until the transmission of the message data from the 
slave node device A is completed (step 334) . 

(20) Upon completion of the previous time slot, the 
time slot allocated to the data transmission of the slave 
node device B is started. The node device B thus transmits 
message data that is to be addressed to the master node 
device M and the other slave node device by use of the 
respective associated sub-time slots (step 335), and returns 
to step 331 to continue to receive subsequent data. 



This embodiment has been explained in which the 
multiplex communication system is constructed of the master 
node device M and the slave node devices A and all of 
which are connected to the coiranon bus line 21. However, 
this construction is not exclusive. The present invention 
is also operable when the slave node devices are connected 
to a plurality of bus lines* 

Also, in this embodiment, the master node device M 
takes the initiative in determining the transmission timing 
of message data from each of the node devices onto the bus 
line. However, the master node device M may be constructed 
as desired. Also, if the master node device M becomes at 
fault during operation, a desired slave node device may be 
constructed to act as the master node device. This 
modification can be achieved by programming into each node 
device, conditions, such as the states of the other node 
devices required when its own device functions as the master 
node device , 

As will be clearly understood from the foregoing 
description, the present invention offers the following 
advantages • 

A plurality of items of operational data to be 
transmitted to the bus line from a plurality of control 
units, respectively, are divided into a plurality of degrees 
which have been determined according to the transmission 
necessity. The operational data falling into the greatest 
degree of transmission necessity is positively transmitted 
once in every transmission cycle. On the other hand, the 
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data falling into the smaller degree of transmission 
necessity is transmitted once in every few cycles according 
to the degree of urgency. By the application of this system 
to a vehicle by way of example, signals having the greater 
necessity (urgency) of transmission, such as air bag signals 
and door lock/unlock signals that are respectively output 
from the collision detecting section and the door 
lock/unlock detecting section among a plurality of vehicle- 
loaded control units, are positively transmitted once in 
every cycle. This arrangement inhibits a time lag in 
transmitting signals having the greater degree of 
transmission urgency, which further ensures safety for the 
driver and passengers. 

Additionally, by the application of the multiplex 
communication system to a vehicle by way of example, signals 
(data) having the smaller degree of transmitting necessity 
(urgency) , such as window opening/closing instruction 
signals and remote control mirror driving signals that are 
respectively output from the window opening/closing section 
and the mirror actuating section among a plurality of 
vehicle-loaded control units, are transmitted only once in 
every few cycles according to the degree of urgency. This 
arrangement makes it possible to reliably operate each end 
device to accomplish a required function based on the 
operational signal (data) without interfering with the 
transmission timing of signals having the greater degree of 
urgency. 

Further, each node device is able to transmit message 
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datia to a desired end device without appending the sender 
and receiver information to the data merely by carrying the 
data onto the sub-time slot corresponding to the end node 
device within the time slot allocated to its own device. 
This makes it possible to perform faster transmission of 
message data without a time loss, which further shortens a 
transmission cycle of message data from the respective node 
devices r thereby preventing a time lag in the control 
processing of vehicle-loaded equipment. 
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CLAIMS 

1. A multiplex communication system in which a 
plurality of items of operational data are transmitted in 
every, transmission cycle, in a time division multiplexing 
manner, via a bus line from a plurality of control devices 
to at least one of a plurality of end devices to be 
controlled, wherein said items of operational data are 
divided into a plurality of degrees according to the 
necessity of transmission, wherein the operational data 
falling into the greatest degree of transmission necessity 
is transmitted once in every transmission cycle, while the 
operational data falling into the smaller degrees of 
transmission necessity is transmitted once in every few 
transmission cycles according to the degree of the 
transmission necessity. 

2. A multiplex communication system according to 
Claim 1, wherein said items of operational data are 
divided according to a program which has been stored in a 
storage unit, under the control of a control apparatus. 

3. A multiplex communication system according to 
Claim 1 or Claim 2, wherein said control units and said 
bus line, and said end devices and said bus line are 
selectively switched and connected by a plurality of 
change-over switches which are changed under the control 
of said control apparatus* 

4. A multiplex communication system according to 
any one of Claims 1 to 3 , wherein said control units are 
control unit equipment loaded in a common vehicle, and 
said end devices are equipment to be controlled which is 
loaded in the same vehicle and controlled by the operation 
of said control unit equipment. 

5. A multiplex communication system according to 
any one of Claims 1 to 4 , wherein said items of 
operational data are divided into the degrees of 
transmission necessity based on the urgency of 
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transmitting said data. 

6« A multiplex communication system in which a 

plurality of node devices are connected to a bus line so 
as to "cyclically transmit and receive message data with 
each other and to execute processing of the received data, 
wherein one of said node devices functions as a master 
node device so as to determined a transmission cycle of 
the message data from all the node devices and to take the 
initiative in determining a transmission timing within 
said transmission cycle at which each of said node 
devices, including its own device, transmits the message 
data onto said bus line, said transmission timing being 
associated with each of said node devices, so that each of 
said devices sends the message data to be addressed to 
another device onto said bus line at said transmission 
timing determined by said master node device. 

7. A multiplex communication system according to 
Claim 6, wherein a time slot provided at said transmission 
timing associated with each of said node devices is 
divided into a plurality of sub-time slots, and said sub- 
time slots are arranged to correspond to the individual 
node devices to receive the message data transmitted from 
one of said node devices, 

8. A multiplex communication system according to 
Claim 6 or Claim 7, wherein one of said node devices acts 
as said master node device if a failure occurs to said 
master node device, 

9. A multiplex communication system according to 
any one of Claims 6 to 8 , wherein each of said node 
devices, including said master node device, has a CPU, 
wherein the CPU of said master node device determines said 
transmission cycle and said transmission timing associated 
with each of said node devices arranged within said cycle, 
while the CPUs of said node devices, including said master 
node device, controls the transmission timings so that the 



6613GB 

- 32 - 

message data is transmitted from said devices at the 
timings determined by the CPU of said master node device 
10. A multiplex communication system substantially 

as hereinbefore described with reference to, and as 
illustrated by, the accompanying drawings. 
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